Radiation dose to the pancreas and risk of diabetes mellitus in childhood cancer survivors: a retrospective cohort study.
Children and young adults treated with total body or abdominal radiotherapy have an increased risk of insulin resistance and diabetes mellitus. However, little is known of the effect of pancreas irradiation on the risk of diabetes. We assessed the relation between radiation exposure and occurrence of diabetes in a large cohort of long-term childhood cancer survivors. We sent a questionnaire to 3468 survivors of a childhood cancer treated in eight centres in France and the UK between 1946 and 1985, of which 2520 were returned. Each self-declaration of diabetes was confirmed by contacting the patients' medical doctors. We estimated the radiation dose received by the tail, head, and body of the pancreas and 185 other anatomical sites during each course of radiotherapy from 1990 to 1995 for each child after reconstruction of the conditions in which irradiation was delivered. We investigated the relation between radiation dose to the pancreas and the risk of a subsequent diabetes diagnosis. 65 cases of diabetes were validated. The risk of diabetes increased strongly with radiation dose to the tail of the pancreas, where the islets of Langerhans are concentrated, up to 20-29 Gy and then reached a plateau for higher radiation doses. The estimated relative risk at 1 Gy was 1·61 (95% CI 1·21-2·68). The radiation dose to the other parts of the pancreas did not have a significant effect. Compared with patients who did not receive radiotherapy, the relative risk of diabetes was 11·5 (95% CI 3·9-34·0) in patients who received 10 Gy or more to the tail of the pancreas. Results were unchanged after adjustment for body-mass index, despite its strong independent effect (p<0·0001), and were similar between men and women. Children younger than 2 years at time of radiotherapy were more sensitive to radiation than were older patients (relative risk at 1 Gy 2·1 [95% CI 1·4-4·3] vs 1·4 [95% CI 1·1-2·2] in older patients; p=0·02 for the difference). For the 511 patients who had received more than 10 Gy to the tail of the pancreas, the cumulative incidence of diabetes was 16% (95% CI 11-24). Our study provides evidence of a dose-response relation between radiation exposure of pancreas and subsequent risk of diabetes. Because of the risks observed and the frequency of diabetes in general population, this finding raises important public health issues. The pancreas needs to be regarded as a critical organ when planning radiation therapy, particularly in children. Follow-up of patients who received abdominal irradiation should include diabetes screening.